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INTRODUCTION
The proportion of individual fat mass over body weight defines body fat percentage (1) . Body fat percentage has been used along with body mass index (BMI) to evaluate human health risks such as cardiovascular risk in clinical practice (2, 3) . However, because of the inability of BMI to differentiate between body fat and lean mass, its diagnostic performance intermediate ranges of body weight is limited; it cannot accurately categorize individuals who have a normal body weight with too much body fat but too little muscle and those who have an excessive body weight with too little body fat but too much muscle (4, 5) . A higher body fat percentage might indicate a higher level of cardiovascular risk (1) . As obesity has become a serious public health problem affecting both adults and children, it is important to monitor the body composition of children in order to safeguard against future health diseases.
Percentage body fat is regarded as high when exceeding 25% (for pubertal boys), > 30% (pre-pubertal children) or > 35% [for pubertal girls] (6). Conversely, a low percentage body fat of 6−10% in boys and 12−15% in girls can adversely affect metabolism and health and it may also indicate diseases, starvation or an eating disorder such as anorexia nervosa (7) . It is therefore important to monitor the level of adiposity in children in order to control and prevent health risks associated with excess or low body fatness. Although there are few studies on percentage body fatness of South African children (8−10) , the literature assessing the gender and racial profiling of percentage body fat is seemingly scant. Therefore, the purpose of this study was to provide reference data on percentage body fat in a sample of school children in Central Pretoria, aged 9−13 years, and to examine gender and racial profiling of body fatness among the school children.
SUBJECTS AND METHODS
This study was a cross-sectional survey among primary school children aged 9−13 years attending public schools in Pretoria municipality city, Gauteng province, South Africa. The sampling frame was defined using the enrolment number for each school. This study employed a stratified, two-stage cluster sampling strategy. This procedure ensures adequate representativeness of the study population in the sample. The procedure involved arrangement of study population into schools and class-level clusters. The first stage involved selecting randomly, schools with a probability proportional to the size and enrolment of each school. The second stage involved selecting classes within the participating schools systematically and with equal probability of participation. This afforded all learners in the selected classes the eligibility to participate in the study. Race was determined based on the children's parental background using questionnaire and was categorized as black and white. Participants whose backgrounds did not meet these criteria were excluded from the study. A total of the initial sample of 1286 children was selected to participate in the study. However, due to absenteeism and incomplete data of 150 participants, 1136 participants (548 boys and 588 girls) eventually completed the tests and their data were used in the statistical analysis.
The nature and scope of the study were explained to the children and their parents who gave informed consent. In addition, children who were minors were briefed on the nature and procedures of the study and gave their assent to participate in the study. Approval for the study was given by the Gauteng Department of Education (DoE), Johannesburg, South Africa. (11) . Participants' body mass was measured without shoes and with light clothing to the nearest 0.1 kg, using a digital scale (Tanita-HD 309, Creative Health Products, MI, USA). Their stature was measured to the nearest 0.1 cm using a mounted stadiometer. Skinfolds were measured to the nearest 0.1 mm using a Harpenden calliper.
The intra-observer reliability of anthropometric measurements was determined by examining technical error of measurement (TEM) and intraclass correlation coefficient (r) [Pearson's method] (12) based on data obtained from repeated measurements of a small sample of participants (n = 20). The intraclass correlation coefficients on anthropometric measures between observers were: stature (0.98), body mass (0.97), triceps (0.95) and subscapular (0.94). The reliability coefficients fell within acceptable limits (13) .
Percentage body fat (%BF) was calculated using the skinfold equation of Slaughter et al (14) for predicting body fat in children aged eight to 18 years. The present study utilized the following equations to predict body fat by using triceps (TSKF) and subscapular (SSKF) skinfolds. The participants' body fat percentage data were analysed using descriptive statistics, ie means and standard deviations. Differences in the mean body fat percentage were examined for boys and girls according to their age group/race, using independent t-test samples. All statistical analyses were conducted with the Statistical Package for the Social Sciences (SPSS), version 18.0 (SPSS, Chicago, IL, USA). A probability level of 0.05 was taken to indicate significance.
RESULTS
Anthropometric variables were collected from 548 boys (48.2%) and 588 (51.8%) girls. Out of the total sample, 581 (51.1%) were black and 555 (48.9%) were white children. The mean age of the participants was 11.1 ± 1.4 years. The mean ages of boys and girls were 11.3 ± 1.4 and 11.0 ± 1.4 years, respectively. No significant gender difference was found for age (p = 0.512). All the anthropometric measurements were significantly different across gender. The mean values for body mass and skinfolds were significantly (p = 0.001) higher in girls compared to boys. Boys were, however, significantly taller compared to girls [p = 0.001] ( Table  1) .
The mean ages of black and white children were 10.8 ± 1.5 and 11.5 ± 1.3 years, respectively. White children were significantly heavier and taller (p = 0.001) compared to black children. Conversely, black children had significantly higher mean values of skinfold thickness compared to white children [p = 0.001; p < 0.05] ( Table 2) .
Girls had a significantly higher percentage body fat compared to boys (p = 0.001). The mean percentage body fat for boys was 16.1 ± 7.7% (95% CI = 15.5, 16.8) while the percentage body fat of girls was 22.7 ± 5.7% (95% CI = 22.3, Table 3) . Shown in Fig. 1 Viewed racially, black children (20.1 ± 7.5) were significantly (p = 0.010) fatter than white children (19.0 ± 7.4) with a mean difference of 4.0. Black children were fatter than white children at ages 9, 10, 12 and 13 years. However, the difference was significant (p = 0.009) only at age 12 years (Table 4) . Shown in Fig. 2 is the variation in percentage body fat of black and white children according to age groups. pared to females. The present study demonstrates that percentage body fat is higher in girls (22.7 ± 5.7) than in boys (16.1 ± 7.7), and at all ages, that is, 9−13 years. This sexual dimorphism in adipose tissue in boys and girls is expected and is widely reported in the literature (15−17) . Additionally, Mantsena et al (9) in their study of South African children found that girls at ages 5−14 years had higher percentage Body Fat Percentage of Urban South African Children body fat compared to boys. Webster-Gandy et al (18) reported this even as early as 5−7 years among a group of children in Oxford in the United Kingdom. The higher fat accumulation in girls compared to boys might be due to increased physical activity among boys compared to girls (19) . The data concerning physical activity and sedentary behaviour among this sample indicate that girls report engaging in less physical activity than boys, spend less time playing electronic games, in computer-related activities, and on watching television (TV) than boys (20) . The low physical activity behaviour among girls may be an over-estimation caused by the manner in which the question was framed and the typical physical activities in which girls normally engage. Children participate actively in a variety of ways. Boys are more often engaged in organized sports and competitive teams, and high intensity sports whereas girls spend more time on organized, non-competitive and medium to low intensity sports and exercises.
In South Africa, the socio-economic transformation that has taken place after 18 years of independence has had an impact on nutrition transition and the problem of overnutrition in children seems to exist in different areas. The dietary assessment of these children indicates that they are exposed to high fat intake, thus possibly predisposing them to higher fat accumulation. Data pertaining to dietary food intake of the sample showed high positive loadings on highfat processed foods (ice cream, sweets, hamburgers, chocolate) and snack foods high in fat and/or sugar (such as crisps, crackers, sweet rolls, chocolate, burgers, chips) and fried foods [chips, pizza, hot dogs, boerewors] (20) . These food items were first grouped under food component (junk/ unhealthy), accounting substantially for the percentage (0.44%) of total variance. Hormonal changes too cannot be ruled out, though this was not evaluated. Girls gain weight and increase body fat percentage at adolescence, due to the stimulation of their sex hormones and the development of their reproductive organs (21) . However, one cannot conclusively attribute the increase in body fat percentage found among girls as compared to boys to be indicative of early, sexually diverse changes in body composition that occur during puberty, as maturation was not assessed.
The minimum percentage body fat considered safe and acceptable for good health is 5% for males and 12% for females. Adult males have between 15 and 18% while adult females have between 22 and 25% (22) . In the present study, boys had body fat percentage values of 16.4−20.0%, while girls had 20.2−24.1% fat content. Considering the age (9−13 years) of the children in the study, these values seem high. As such, the prevalence of excessive weight and obesity reported in these children (20) is not surprising. The high percentage body fat observed among school children in this region is expected from an urban setting where lifestyles and other movement habits/behaviours are 'westernized'. For instance, Western quick-service restaurants seem to have expanded rapidly in South Africa. They are popular among young people, and this might disproportionately increase dietary fat intake in children. Anecdotal as this may appear, it should not be ignored as one of the possible reason for the relatively high body fat seen among this sample in the present study.
It appears South African children are accumulating high percentages of body fat. A similar trend was reported by Monyeki et al (8) among children from Ellisras rural area in Limpopo Province. It could be suggested that the relatively higher percentage body fat among the sample children might be related to the physical inactivity and higher energy intake by these children. Low physical fitness and physical inactivity have been found to be related to many chronic diseases (23) whose occurrence start early in life (24) .
This observation has important clinical and public health implications. Too much body fat is detrimental to good health and physical performance. Excessive weight and obesity are two examples of such complications (25) . Equally, too little fat (not a case in this study) can also create devastating physiological complications and harmful effects. Low percentage body fat can adversely affect metabolism and health and it may indicate the incidence of disease, malnutrition or an eating disorder such as anorexia nervosa (26) .
The racial profiling of percentage body fat of children in this study indicates that black children accumulated more percentage body fat (20.1%) than the whites (19.0%). These findings are similar to those reported by Daniels et al (27) in which percentage body fat was reported to be higher in black children compared to whites. Contrastingly, although using impedance, the study of Morrison et al (28) found percentage body fat of white children (girls) at 9−12 years to be higher compared to the black children. However, black girls had a greater percentage body fat thereafter. These results agree with white/black differences in body fat levels that have been observed among adults (29) and children (30) . The difference observed in the percentage body fat between black and white children in this present study is difficult to explain. However, it is observed that the physical activity and dietary pattern of these two racial groups were also found to be different, and might possibly be responsible for the disparity in percentage body fat found among them. The data reveal that the frequency of participation in physical activity of black children was low compared to whites (20) . Besides, the results of the components analysis of the food intake between these two racial groups indicate that the first component (junk/unhealthy food) explained 45.9% of the total variance in dietary intake among black children, whereas the same (junk/unhealthy food) component had 37.5% variation among the white children (22) . In this regard, the accumulation of more percentage body fat among the black children compared to whites is not surprising. Studies have linked the accumulation of excessive body fat among children to the consumption of unhealthy foods (31, 32) . With the availability of fast food restaurants and processing food industries, it is possible that many South African children eat snack foods such as potato crisps; 40% eat confectionery and 70% eat high-fat/sugar based products such as biscuits, cakes, pies, pizza and pastries.
The limitations of this study should be considered. The use of accurate methods of assessing percentage body fat such as underwater weighing, dual-energy X-ray absorptiometry or air replacement plethysmography (33) was not feasible in the present study. Rather, anthropometry (stature, height, skinfolds) was thought to be simple and cost-effective especially in a large sample.
The results of the study cannot be generalized to all South African children, hence the study was limited to children attending primary schools in Central Pretoria. Another limitation of the study was that only school children (black and white) were studied, so that the results of the present study do not necessarily apply to all South African children or other racial groups. These limitations should be considered when interpreting the findings.
CONCLUSION
In comparison with previous published reports, the present study documents a considerably higher level of excessive percentage body fat in South African school children. Girls had significantly higher percentage body fat compared to boys. Racial profiling indicates that black children accumulate more percentage body fat than white children. This has implications for the children's health and fitness. As such, an intervention programme must be instituted in schools to prevent and control possible excessive percentage body fat in this age group. The children should be encouraged to decrease their consumption of fat and step-up their activity level. Education is the key emphasis. Parents and teachers need to put exercise and nutrition at the forefront. The return of Physical Education in the school curriculum (34) should be effectively implemented in all grades, in order to stimulate regular physical activity. In this regard, concerted efforts should be made at the family, school, community and government levels to promote healthy nutrition and physical activity behaviours in children. The results of this study pertain, of course, to this South African black and white children sample, and it would be helpful to have these results confirmed in other racial groups (Indian and coloured) as well. Future studies examining percentage body fat in these children should endeavour to include cardiovascular risk variables such as total cholesterol, triglycerides, fasting blood glucose, and systolic and diastolic blood pressures. This will aid understanding of the relationship of percentage body fat with physiological variables often associated with increased metabolic risk among South African children. Given the present sample is a cross-sectional sample, these issues could not be addressed here. Therefore, a longitudinal study is warranted.
